BACKGROUND: Inhaled corticosteroids are anti-inflammatory medications that can down-regulate the immunologic response in patients with COPD; however, their role at onset of COPD exacerbation is still not understood. The aim of this study was to assess the early inflammatory response and clinical presentation of patients with COPD exacerbation mediated by inhaled corticosteroids. METHODS: Prospective data were collected on 123 hospitalized subjects with COPD exacerbation over a 30-month period at 2 Spanish university hospitals. Based on domiciliary use, comparative analyses were performed between subjects who did not use inhaled corticosteroids (n ‫؍‬ 58) and subjects who did (n ‫؍‬ 65). Measurements of serum biomarkers were recorded on admission to the hospital (day 1) and on day 3; clinical, physiological, microbiological, and severity data and mortality/readmission rates were also recorded. RESULTS: At days 1 and 3, both groups showed a similar inflammatory response; fluticasone produced lower levels of interleukin-8 compared with budesonide (P < .01). All clinical features considered were similar in the 2 groups; multivariate analysis predicting clinical complications on hospitalization showed air-flow obstruction severity as the only predictive factor (odds ratio 3.13, 95% CI 1.13-8.63, P ‫؍‬ .02). CONCLUSIONS: Our study demonstrates a lack of inhaled corticosteroid influence in the early systemic inflammatory response to and clinical presentation of COPD exacerbation.
Introduction
The natural course of COPD is characterized by episodic events recognized as COPD exacerbation 1 and clinically defined by specific respiratory symptoms and signs (increased shortness of breath, increased sputum volume, and purulence). 2 COPD exacerbation, which often requires hospitalization, 3 appears in the clinical evolution of COPD to accelerate the progressive decline in lung impairment, 4 thereby reducing quality of life 5 and increasing risk of death. 6 Although the biologic mechanisms of COPD exacerbation are still not fully understood, some evidence suggests that an activation of first-line defense (airway epithelial cells and alveolar macrophages) releases chemotactic factors by bacterial/viral pathogens or noninfectious triggered stimuli 7 and leads to the recruitment of neutrophils, with the secretion of a wide range of pro-inflammatory cytokines, thereby causing a further amplification of systemic and local processes. 8, 9 Change in inflammatory biomarker levels from a steady state may define COPD exacerbation onset, clinical course, severity, and prognosis of hospitalized patients. 10, 11 Inhaled corticosteroids are potent anti-inflammatory nonspecific medications that can modulate the systemic immune response of stable COPD patients, 12 but their role in the efficacy of treatment remains a subject of debate. 13 In hospitalized COPD patients with community-acquired pneumonia, inhaled corticosteroids protect against more severe forms 14 and against complicated pleural effusion. 15 These beneficial effects in community-acquired pneumonia may be explained by down-regulation of the inflammatory response.
Depending on the severity of COPD and the definition of exacerbation used, inhaled corticosteroids promote a reduction in the frequency of events in patients with COPD exacerbation 16, 17 ; however, information evaluated at onset in inhaled corticosteroid-mediated systemic inflammatory profiles is still lacking in the field of acute respiratory medicine with regard to COPD exacerbation.
With regard to the risk correlating to chronic use of inhaled corticosteroids, 2 recent reviews performed in large cohorts of stable COPD subjects confirmed an increased risk of developing pneumonia, but not an increased risk of death. 18, 19 Moreover, another large study followed stable COPD subjects for a period of 5 y and showed that the risk of severe pneumonia was strictly dose-related to exposure of inhaled corticosteroids and was higher in patients who had used fluticasone in comparison with budesonide. 20 We hypothesized that chronic domiciliary treatment with inhaled corticosteroids would influence the early systemic inflammatory response of COPD exacerbation and have an impact on clinical presentation and patient outcome. The primary aim of our observational study was therefore to assess serum levels of pro-inflammatory systemic biomarkers in hospitalized subjects with COPD exacerbation according to non-use or use of inhaled corticosteroids. In addition, we also assessed the clinical characteristics of 2 groups of subjects with COPD exacerbation.
Methods

Subject Recruitment and Definitions
Over a period of 30 months (January 2004 to June 2006), we collected prospective data on consecutive adult subjects with COPD exacerbation hospitalized at 2 tertiary university hospitals in Spain (Hospital Universitario y Po-litecnico La Fe in Valencia and Hospital Clinic in Barcelona). The ethics committees of both hospitals (Projects CEIC 2003/0048 and CEIC 2004/1855, respectively) approved the study, which was conducted in accordance with the Declaration of Helsinki. Written informed consent to obtain biological samples was obtained from selected subjects. Figure 1 shows the study flow diagram.
In accordance with the guidelines of the Global Initiative for Chronic Obstructive Lung Disease (GOLD), 1 an expert physician specializing in respiratory medicine defined the diagnosis and severity of COPD. Spirometry was performed at least 6 months prior to COPD exacerbationrelated admission and in a stable phase of the disease. A threshold of 10 pack-years was considered as a positive smoking habit. FEV 1 and FVC were assessed via an automated spirometer with predicted values according to the Quanjer equation. 21 The occurrence of COPD exacerbation was defined according to Anthonisen criteria, based on an acute increase in dyspnea, sputum volume, and sputum purulence. 2 Subjects were then classified as follows: COPD exacerbation type I, subjects with all 3 symptoms; type II, subjects with 2 symptoms; and type III, subjects with one symptom. 2
Exclusion Criteria
Subjects with a documented history of concomitant chronic respiratory conditions (asthma and bronchiectasis) and subjects with COPD but with a domiciliary use of oral corticosteroids in the past 6 months were excluded from the study. Subjects in whom suspected community-acquired pneumonia and acute heart failure were identified clinically and by chest x-ray were also excluded.
QUICK LOOK
Current knowledge
Inhaled corticosteroids are anti-inflammatory medications intended to modulate the systemic immune response of stable COPD patients. The role of inhaled corticosteroids during exacerbations of COPD is controversial.
What this paper contributes to our knowledge
The use of inhaled corticosteroids did not influence the early inflammatory response to a COPD exacerbation, and there was no difference in infection rates between subjects using or not using corticosteroids. Baseline COPD severity predicts the complications on admission for a COPD exacerbation.
Use of Inhaled Corticosteroids
Data on inhaled corticosteroid treatment (yes/no and types of medication) were collected on enrollment. Subjects who received inhaled corticosteroids administered at home before enrollment were classified as inhaled corticosteroid users, whereas subjects who had not received inhaled corticosteroids were classified as no-inhaled corticosteroid users.
Microbiological Sample Collection
Sputum from subjects with COPD exacerbation was obtained by spontaneous cough on day 1 of admission to the hospital. Gram stain and sputum culture were processed only if the sample was adequate. Sputum was considered valid if the sample contained a count of Ͼ 25 leukocytes and Ͻ 10 epithelial cells per field. When spontaneous cough and sputum collection were not possible, induced sputum production was obtained by inhalation of a 5% hypertonic saline solution for a period of 5-10 min; the hypertonic saline solution was delivered via a nebulizer device (UltraNeb 2000, DeVilbiss Healthcare, Somerset, Pennsylvania) attached to oxygen. Subjects were then encouraged to cough and expectorate into a sterile plastic container. Spontaneous as well as induced sputum was collected for microbiology diagnosis.
Clinical Measurements
Data on demographic variables, presence of comorbid conditions (heart, renal, neurologic, and liver diseases; diabetes; and non-active cancer), dyspnea grade according to the Modified Medical Research Council dyspnea scale, prevalence of long-term oxygen therapy, and use of domiciliary bronchodilators (short-acting ␤ 2 agonists, long-acting ␤ 2 agonists, anticholinergics) and theophylline were recorded on admission to the hospital. Characteristics of exacerbations occurring in the preceding year (general rate and rate of subjects requiring hospitalization) were also recorded.
Symptoms and signs of COPD exacerbation (fever, chills, cough, sputum characteristics), physiological data (breathing frequency, heart rate, systolic and diastolic blood pressures), and laboratory data (white blood cell counts, hematocrit, glycemia, creatinine, sodium, potassium) were collected at onset of exacerbation.
Variables for gas impairment, including pH, P aCO 2 , P aO 2 /F IO 2 , serum bicarbonate, and base excess, were also collected on admission.
Hospital stay, number of subjects admitted to the ICU or in whom noninvasive ventilation (NIV) support was required, number of subjects in whom shock or mental status alteration was identified, number of subjects using systemic corticosteroids and antibiotics during hospital course, number of classes of antibiotics used, duration of antibiotic treatment (d), doses of systemic corticosteroids per subjects' mortality during hospitalization, and readmission within 30 d after discharge were also recorded.
Determination of Serum Biomarkers
Measurements of C-reactive protein, procalcitonin, tumor necrosis factor alpha, and cytokines (interleukin (IL)-1, IL-6, IL-8, and IL-10) were performed on admission to the hospital (day 1) and 3 d after admission (day 3); all biological samples were centralized to the Hospital Clinic.
C-reactive protein was measured by a commercially available immunoturbidimetric method (Bayer Diagnostics, Leverkusen, Germany), whereas procalcitonin was measured using an immunoluminometric technique with a LUMItest assay (Brahms Diagnostica GmbH, Hennigsdorf, Germany).
A microtiter plate with antibody-coated wells was used to measure levels of tumor necrosis factor alpha, IL-1, IL-6, IL-8, and IL-10. Tumor necrosis factor alpha/IL-6 and IL-1/IL-8/IL-10 were determined using the Medgenix (Fleurus, Belgium) and PerSeptive (Framingham, Massachusetts) commercial enzyme immunoassays, respectively.
Reference values of collected serum biomarkers were defined as follows: C-reactive protein, 8 mg/dL; procalcitonin, 0.5 ng/mL; tumor necrosis factor alpha, 20 pg/mL; IL-1, 5 pg/mL; IL-6, Ͻ 5 pg/mL; IL-8, 15 pg/mL; and IL-10, 5 pg/mL.
Statistical Analysis
A prior Shapiro-Wilk test for normal data distribution was performed. Results were expressed as mean Ϯ SD or To define predictors for clinical complications on admission to the hospital (identified by NIV requirement, admission to the ICU, shock, or abnormal mental status), analysis with a univariate and multivariate logistic model was performed with the general characteristics of patients with COPD exacerbation.
Analyses were carried out using a statistical software package (SPSS 17, SPSS, Chicago, Illinois), and P Ͻ .05 was considered statistically significant.
Results
Our prospective study cohort included 123 subjects admitted to 2 Spanish university hospitals for COPD exacerbation. Of these, 58 subjects (47%) had no inhaled corticosteroid use in their domiciliary therapy, whereas 65 (53%) had received inhaled corticosteroid treatment.
Anthropometrics, smoking habit, and functional characteristics were similar in both groups. In terms of domiciliary use of associated bronchodilators, subjects who received inhaled corticosteroids presented considerable use of anticholinergics (78% of all inhaled corticosteroid users; most prevalent, tiotropium) and long-acting ␤ 2 agonists (83% of all inhaled corticosteroid users; most prevalent, salmeterol). The prevalence of subjects using shortacting ␤ 2 agonists and theophylline was similar between groups. The prevalence of comorbidities, exacerbation rates occurring in the preceding year, need for long-term oxygen therapy, and dyspnea grade were also similar. Table 1 shows the baseline characteristics of enrolled subjects. A comparison of clinical, physiological, and laboratory features on admission to the hospital (Table 2) showed that no significant differences between subjects with and without inhaled corticosteroid use. The other variables relating to characteristics of clinical severity (P aCO 2 with need for NIV support, P aO 2 /F IO 2 , hospital stay, direct admission to an ICU, abnormal mental status, shock), antibiotic and systemic-corticosteroid treatment (duration [d] and classes of antibiotics used, doses of corticosteroids per subject), prognosis (mortality rate during hospitalization), and risk of a new episode after discharge (readmission rate over a period of 30 d) were also comparable between the 2 groups.
The specific etiology and rate of microbiological diagnosis, confirmed in 43% and 41% of no-inhaled and inhaled corticosteroid subjects, respectively, were similar between the 2 groups ( Table 2) .
Assessment of early inflammatory response (Fig. 2 ) on days 1 and 3 of hospitalization showed similar levels in both groups for all biomarkers collected (C-reactive protein, procalcitonin, IL-1, IL-6, IL-8, and IL-10).
Repetition of the inflammatory pathway analysis, selecting subjects with mild/moderate (n ϭ 45) and severe/very severe (n ϭ 78) air-flow obstruction, without (n ϭ 71) and with (n ϭ 52) a recognized infectious etiology, without (n ϭ 39) and with (n ϭ 84) domiciliary use of anticholinergics, and without (n ϭ 50) and with (n ϭ 73) domiciliary use of long-acting ␤ 2 agonists (all these data not reported), showed no significant differences between both groups for any of the evaluated biomarkers.
The measurement of biomarkers performed according to type of inhaled corticosteroids used ( Fig. 3 ) showed lower levels of IL-8 on day 1 in subjects who used fluticasone (n ϭ 36) compare with those who used budesonide (n ϭ 29; median 0 [0 -7.5] vs 16 [1.5-32] , respectively, P Ͻ .01).
The logistic regression model (Table 3) performed using clinical complications on hospitalization as a dependent variable (presence/absence of NIV requirement, direct admission to an ICU, shock, or abnormal mental status) shows the severity of COPD (severe/very severe vs mild/moderate) as the only predictive factor in the multivariate analysis (odds ratio 3.13, standard error 0.51, 95% CI 1.13-8.63, P ϭ .02).
Discussion
In summary, the main findings of our observational study refer to a lack of influence of inhaled corticosteroids in the early inflammatory response to COPD exacerbation. Indeed, on days 1 and 3 of hospitalization, serum levels of biomarkers were similar in inhaled corticosteroid users and those who did not use inhaled corticosteroids. In inhaled corticosteroid users, fluticasone produced lower levels of IL-8 compared with budesonide.
The clinical presentation and severity of COPD exacerbation, infectious etiology, hospital mortality, and readmission over a 30-d period were similar in the 2 groups. Furthermore, air-flow obstruction of COPD was the only predictive factor in the occurrence of complications on admission to the hospital (need for NIV, need for ICU admission, shock, abnormal mental status).
Inhaled corticosteroids are anti-inflammatory medications that are widely used in COPD patients, but their clinical response is often relatively poor, 22 with failure to reduce levels of key COPD-related inflammatory cells (CD8 ϩ T lymphocytes, neutrophils) and the interaction suppression of cytokine relapse [23] [24] [25] after stimuli. As documented in peripheral lung tissue, alveolar macrophages, and bronchial biopsy specimens of COPD patients, a molecular mechanism of steroid resistance may be due to reduced levels of histone deacetylase-2 activity [26] [27] [28] ; this is a nuclear enzyme involved in corticosteroid deactivation of pro-inflammatory genes and in the repression of cytokine production. We hypothesized that the lack of a modulation effect of inhaled corticosteroids with similar serum levels of biomarkers on admission in inhaled and no-inhaled corticosteroid subjects (see Fig. 2 ) may represent a biological effect of steroid resistance with an undetectable down-regulation effect of inhaled corticosteroids. Moreover, the repetition of the inflammatory comparative analyses according to stratification of air-flow obstruction severity, presence of infectious etiology, and domiciliary use of anticholinergics or long-acting ␤ 2 agonists appears not to affect this inflammatory pathway in both groups. However, very large studies are required to confirm our results.
Due to different pharmacokinetic properties, the evaluation of 2 different types of inhaled corticosteroids (see Fig. 3 ) demonstrated that, on day 1, fluticasone produced a lower inflammatory response than budesonide in IL-8 levels only. This observation confirms an in vitro study 29 on human lung epithelial cells and alveolar macrophages, in which both inhaled corticosteroids caused a dose-dependent inhibition of pro-inflammatory cytokine relapse (in particular, IL-8), but fluticasone was ϳ10 times more potent than budesonide in terms of suppression capacity. We do not know what this difference means in clinical practice, but, at least in this study, we observed no clinical, microbiological, or evolutive differences.
Following the biological findings, the current perspective that our study adds to the knowledge of COPD exacerbation is the demonstration that inhaled corticosteroids, used until onset of exacerbation, do not influence the clinical presentation or severity of the clinical course (see Table 2 ). Moreover, the frequency of confirmed infectious cases and microbiological etiology were similar in subjects with and without use Table 2 ). Although the use of inhaled corticosteroids in COPD patients has been demonstrated to be useful in the reduction of exacerbation events 16, 17 and in protection against the development of complicated forms of hospitalized community-acquired pneumonia. 14, 15 On the other hand, the long-term use of inhaled corticosteroids increases the risk of pneumonia, [18] [19] [20] especially with fluticasone. 20 Our study, performed in subjects with COPD exacerbation but without pneumonia, demonstrates that inhaled corticosteroids have no detrimental effect on the devel-opment of complications on admission or in other outcomes collected during the clinical course.
In the evaluation of general characteristics that are useful for predicting the occurrence of complications on admission to the hospital (see Table 3 ), we have shown that inhaled corticosteroids had no significant effects. In contrast, we found that the number of comorbidities (2 or more comorbidities added to COPD vs 0 comorbidities) and the COPD GOLD stage (severe/very severe vs mild/ moderate) were both negative predictive factors in univar- iate analysis. However, in multivariate analysis, the COPD GOLD stage was the only independent predictive factor. This is probably explained by the high co-variation effect between these factors (Pearson r ϭ 0.31, P Ͻ .001). Our predictive analysis confirms prior results showing that COPD severity (measured by FEV 1 ) [30] [31] [32] and the Charlson comorbidity index 32 are variables in exacerbated patients that correlate with detrimental effects on return to preexacerbation health status, 30 that are independently associated with antibiotic failure, 31 and that are related to stay and other short-term prognosis factors. 32 Although significant statistical evidence was not found, a negative trend for the use of steroids (inhaled and systemic) as concomitant medications in hospitalized patients with COPD exacerbation was shown to influence clinical cure 31 and treatment failure 32 ; however, in both studies, this observation was not the primary aim but was associated with determination of antibiotic effectiveness evaluated during the clinical course and after a COPD exacerbation event, but not at onset of COPD exacerbation. To the best of our knowledge, our study is the first investigating the role of corticosteroids in the early inflammatory response and clinical presentation of subjects with COPD exacerbation. Nevertheless, our study has some limitations that need to be addressed. First, the baseline inflammation levels and the dosage and time period of inhaled corticosteroid use were not recorded by us; for this reason, we can rule out a possible inflammatory pattern of response related to these factors. 33 Second, in white blood cell counts, data on the number of eosinophils were not collected; new research has found that these blood cells define a specific biologic cluster of patients with COPD exacerbation 34 and directly link corticosteroid treatment to exacerbation. 35 In conclusion, our study suggests that, in COPD patients, chronic use of inhaled corticosteroids does not influence per se the early inflammatory response to COPD exacerbation. Moreover, clinical features on admission and during the course of the exacerbation and the infectious etiology of COPD exacerbation were similar in subjects with or without inhaled corticosteroid use. Baseline severity of COPD predicts the clinical complications on admission for COPD exacerbation. 
